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Background and aim: Hepatitis C virus infection can lead to an enormous health
burden worldwide. Investigating the changes in HCV-related burden between
different countries could provide inferences for disease management. Hence, we
aim to explore the temporal tendency of the disease burden associated with HCV
infection in China, India, the United States, and the world.

Methods: Detailed data on the total burden of disease related to HCV infection
were collected from the Global Burden of Disease (GBD) 2019 database. Joinpoint
regression models were used to simulate the optimal joinpoints of annual percent
changes (APCs). Further analysis of the age composition of each index over
time and the relationship between ASRs and the socio-demographic Index (SDI)
were explored. Finally, three factors (population growth, population aging, and
age-specific changes) were deconstructed for the changes in the number of
incidences, deaths, and DALYs.

Results: It was estimated that 6.2 million new HCV infections, 0.54 million
HCV-related deaths, and 15.3 million DALYs worldwide in 2019, with an increase
of 25.4, 59.1, and 43.6%, respectively, from 1990, are mainly due to population
growth and aging. China experienced a sharp drop in age-standardized rates in
2019, the United States showed an upward trend, and India exhibited a fluctuating
tendency in the burden of disease. The incidence was increasing in all locations
recently.

Conclusion: HCV remains a global health concern despite tremendous progress
being made. The disease burden in China improved significantly, while the burden
in the United States was deteriorating, with new infections increasing recently,
suggesting more targeted interventions to be established to realize the 2030
elimination goals.

KEYWORDS
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1. Introduction

Hepatitis C virus (HCV) could result in acute and chronic hepatitis, leading to injuries
ranging from minor ailments to severe, stubborn diseases involving hepatic cirrhosis and
carcinoma. Because of the insidious nature of HCV infection, only 20% of patients infected
with HCV were diagnosed and only 15% of those diagnosed received treatment (1). Thus,
HCV infection remains one of the leading causes of liver diseases worldwide. According
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to the WHO, there are 58 million HCV infections worldwide,
with approximately 1.5 million new HCV infections annually
and 290,000 deaths resulting from HCV infection (2). Although
there is no available protective vaccine at present (3), direct-
acting antivirals (DAAs) have significantly revolutionized the
treatment of HCV infection, making treatment the primary means
of management of the infectious disease (4-7). In this context,
the World Health Assembly proposed to eliminate viral hepatitis
as a public health threat by 2030 in 2016 (8). However, due to
the impact of the COVID-19 epidemic and other factors, most
countries failed to meet their expected goals by 2020 (9). Thus, the
WHO developed interim guidance with absolute incidence targets
(new HCV infections in 100,000 persons per year) in 2021 (10).
There are still many obstacles to realizing this strategic goal, lacking
relevant epidemiological data being an important factor. Many
countries and regions lack a complete disease surveillance system
and epidemiological data related to HCV infection, so it is difficult
to formulate targeted strategies (8, 11).

At the national level, improving the disease surveillance
system, assessing the national HCV disease burden, and providing
accessible medical services to all regions and populations are three
important directions of action (8, 12, 13). However, data regarding
the burden of HCV among specific nations are lacking, and
most previous studies were mainly based on regional comparative
analysis (14-16). Nevertheless, disease management is mainly
based on the country as a unit, and situations among nations
vary (14, 15, 17). In addition, there are also common dilemmas
in different countries and experiences that can be learned from
each other. China, India, and the United States are the three most
populous countries around the world, accounting for more than
40% population worldwide. They are also among the top three
countries for the burden of disease associated with HCV infection
(Egypt dropped out of the top three in 2019) (18, 19). China
and India share many things in common: Both are developing
countries and located in Asia with a heavy burden of HCV infection
(15, 20, 21). At the same time, HCV is the major cause of chronic
liver diseases in the United States, and it seems that there is a trend
of further deterioration (22, 23). In addition, the United States is
a representative of developed countries, and its current situation
may be the future of developing countries. Comparing the HCV
burden among these countries could provide valuable information
for the elimination of HCV infection and useful references for other
counties.

Therefore, this study aims to explore the changing trend of
morbidity, mortality, and DALYs of HCV infection-related disease
burden in China, India, the United States, and the world from
1990 to 2019, to draw experience and lessons for policymakers and
provide the basis for developing targeted measures to accelerate
global progress toward 2030 goals.

Abbreviations: HCV, hepatitis C virus; DAAs, direct-acting antivirals; GBD,
Global Burden of Disease; YLDs, years lived with disability; YLLs, years
of life lost; DALYs, disability-adjusted life years; Uls, uncertainty intervals;
ICD, International Classification of Diseases Ninth Revision; ASRs, age-
standardized rates; APC, annual percent change; AAPC, average APC; ASIR,
age-standardized incidence rate; ASMR, age-standardized mortality rate;
ASDR, age-standardized DALY rate.
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2. Materials and methods

2.1. Overview

The Global Burden of Disease (GBD) 2019 estimated all
epidemiological indicators of 369 diseases and injuries in 204
countries and regions around the world from 1990 to 2019,
including incidence, prevalence, mortality, years lived with
disability (YLDs), years of life lost (YLLs), and disability-
adjusted life years (DALYs) in different sexes and age groups,
as well as corresponding age-standardized rates. Each indicator
was estimated by modeling with standardized tools: Cause
of Death Ensemble model (CODEm), spatiotemporal Gaussian
process regression (ST-GPR), and DisMod-MR15 are shown with
95% uncertainty intervals (Uls). Detailed GBD data estimation
models and methods can be found in previously published
literature (24-26).

2.2. Data resources

Data on the number and age-standardized rate of incidence,
prevalence, death, YLL, YLD, and disability-adjusted life years
(DALYs) of “Total burden related to hepatitis C” in the world and
three countries (China, India, and United States) were extracted
from GBD 2019 (http://ghdx.healthdata.org/gbd-2019), as well as
the corresponding population numbers at 5-year intervals. The
International Classification of Diseases Ninth Revision (ICD-9) and
ICD Tenth Revision (ICD-10) codes defining “Total burden related
to hepatitis C” are listed in Supplementary Table S1. This database
is a public database and does not require ethics approval.

2.3. Socio-demographic Index

The socio-demographic Index (SDI) was generated by the
geometric mean of rescaled values of the total fertility rate of
women under the age of 25, the average educational year of the
population aged 15 and older, and lag-distributed income per
capita, representing the socioeconomic development level of the
region (27). The values of SDI range from 0 (worst) to 1 (best). 0
represents the lowest level of socioeconomic development, while
1 represents the highest level of socioeconomic development. We
explored the association between HCV-related age-standardized
rates (ASRs) and SDI. Data for SDI were extracted from the GBD
2019 (Supplementary Tables S3, S4).

2.4. Data analysis

2.4.1. Temporal trends in ASRs

Annual percent change (APC), average APC (AAPC), and the
corresponding 95% CI between 1990 and 2019 in HCV-related
age-standardized rates were calculated by the Joinpoint regression
program, version 4.9.1.0, using 5-year age groups including those
younger than 1 year old and those over 95 years old. The 95% UI
was divided by 1.96 x 2 to obtain the corresponding standard errors.
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The Joinpoint model will select the turning points of the best-fit
model according to the Monte Carlo Permutation Method, and the
maximum turning point is set to 2. APC is statistically significant
compared to 0, which means that ASRs have changed over time
during this period (or increased or decreased), and no statistical
significance means that ASRs have not changed over time during
this period (14, 28).

2.4.2. Decomposition of changes

The changes in the number of incidences, deaths, and DALYs
from 1990 to 2019 in each region were decomposed into three
factors—population growth, population aging, and age-specific
change (29). The net overall change, that is, the absolute change in
the number of incidences, deaths, and DALYs, is also equal to the
arithmetic sum of the changes in the three factors. First, assume two
unrealistic scenarios. The first scenario assumes that the population
has grown from 1990 to 2019, but the other two factors, population
aging and age-specific changes, remain unchanged over time. From
this, the hypothetical 2019 population with only the participation
of population growth factors can be obtained. The second scenario
multiplies the age-specific rate in 1990 by the actual age-related
population structure in 2019 to obtain the assumed population in
2019 (only population growth and aging factors are involved). The
population difference between the two scenarios reflects changes in
the burden of disease caused by population aging exclusively. The
difference between the first scenario and the actual population in
1990 reflects changes due to population growth, while the difference
between the actual value in 2019 and the second scenario reflects
changes attributable to age-specific rates (30, 31).

R software, version 4.1.0 was used for data analysis and
graphing, and Joinpoint regression software, version 4.9.1.0 was
used to obtain the time trend of each indicator.

3. Results

3.1. Burden of HCV infection in China, India,
the United States, and the world, 2019

Globally, in 2019, there were estimated to be 6.2 million new
HCV infections, 540,000 HCV infection-related deaths, and 15.3
million HCV infection-related DALYs, with an increase of 25.4,
59.1, and 43.6%, respectively, compared to 1990. The number of
global new HCV infections in 2019 is similar to that of men and
women, but the deaths and DALYs of men are higher than those
of women, and the increase is also greater. New infections in
India accounted for nearly one-sixth of new infections worldwide,
followed by China. Meanwhile, India had the highest DALYs
associated with HCV infection among the three countries, while
China had the greatest number of HCV infection-related deaths.
Men had higher incidences, deaths, and DALYs than women in
all three countries. The United States had the highest percentage
increase in disease burden from 1990 to 2019 among the three
countries, and US women had the largest increase. At the same
time, the number of new HCV infections, related deaths, and
DALYs in Chinese women decreased significantly with less decline
in men (Table 1 and Supplementary Table 52).
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On the contrary, the global age-standardized HCV infection
incidence rate (ASIR, per 100,000), age-standardized mortality rate
(ASMR, per 100,000), and age-standardized DALY rate (ASDR,
per 100,000) in 2019 were 82.5 (95%UI 73.4-94.7), 6.7 (5.9-7.5),
and 184.5 (160.7-210.2), and the average annual percent changes
(AAPCs) of these three indicators from 1990 to 2019 were —0.30,
—0.82 and —0.95, respectively. ASDR in India was similar to
the global average, with the highest ASIR in the United States
and the lowest in China. The ASMR and ASDR of the United
States also ranked first among the three countries, with the highest
increase ratio, and their corresponding AAPCs were 1.28 and 1.30,
respectively. Meanwhile, the disease burden of HCV in China has
dropped significantly, especially among women. Chinese women
had the largest declines in ASDR and ASMR in HCV infection
among the three countries, and the corresponding AAPCs were
—4.00 and —4.35, respectively (Table 1, Supplementary Table S2,
and Figure 1).

3.2. Changes in the disease burden of HCV
infection from 1990 to 2019

The global disease burden of HCV infection has improved
significantly since 1990. In 2019, all epidemiological indicators
in the world decreased significantly compared with 1990.
However, the trends are not consistent across countries. In
1990, Chinas ASMR, ASDR, age-standardized incidence rate
(ASIR), years of life lost due to premature mortality (YLL)
rate, and years lived with disability (YLD) rate ranked first
among the three countries, slightly higher than the global ones,
and the corresponding epidemiological indicators in the United
States were the lowest, while India was between the United
States and the world. In 2019, the ASRs in China decreased
significantly, while the ASRs in the United States increased
compared with 1990 except for ASPR and age-standardized YLD
(Figure 2).

Despite an increasing trend in absolute values of HCV
infection-related DALYs worldwide, ASDR declined gradually,
with the fastest decline occurring between 1997-2016 (men) and
1996-2013 (women). The changing trend of ASDR and DALY
in China is similar to that of the world, but the ASDR declines
faster, and the periods with the largest decline rates are 1997-
2016 (men) and 1998-2010 (women). In contrast, both DALYs
and ASDR in the United States showed a slow increase over time,
except for women whose ASDR declined after 2016. ASDR in
Indian men increased over time between 1990 and 2010, then
declined abruptly, and showed an upward trend again from 2015
onwards. In contrast, ASDR in Indian women continued to decline
after 1998 (Figures 3, 5B, and Supplementary Table S7). The HCV
infection-related deaths and ASMR in the corresponding regions
show a similar trend (Supplementary Figure S1, Figure 5C, and
Supplementary Table S8).

Globally, new HCV infections declined gradually between 1990
and 2000 and then began to slowly increase after 2000. ASIR
showed a downward trend until 2001 and has gradually increased
since then. The incidence of HCV infection and ASIR in China
decreased rapidly in the early stage, then remained relatively flat,
and increased rapidly after 2014. The incidence of HCV infection
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TABLE 1 Incidence and disability-adjusted life year, age-standardized rates, and their temporal trends of HCV infection in different regions, 1990 vs. 2019.

Incidence Disability-adjusted life year
Country Age- Age-
. Percentage . Percentage . Percentage . Percentage
Number in standardized Number in standardized
change change change change
Thousands : rate . thousands . rate .
in number in rate in number in rate
(95%U1) per 100,000 (95%U1) per 100,000
(95% UI) (95% UI) (95% UI) (95% UI)
(95%U1) (95%U1)
1990 2019 1990-2019 1990 2019 1990-2019 1990 2019 1990-2019 1990 2019  1990-2019
verall 4959.9 6218.6 25.4% 90.9 82.5 —9.3% 10645.6 15288.5 43.6% 2428 1845 —24%
'VET:
Glabal (4414.8-5662.5) | (5552.1-7128.6) | (20.4~31.2%) | (81.1-103.9) | (73.4-94.7) | (—10.6~—7.8%) | (9325.6-11986.9) | (13297.5-17477.9) | (31%-57.7%) | (212.8-272.7) | (160.7-210.2) | (—30.1~—16.8%)
obal
Ml 2495.3 3176.4 27.3% 91.3 84.2 —7.8% 6921.2 10328.2 49.2% 323 255.8 —20.8%
€
(2222-2852.9) | (2830.8-3627.8) | (22.3~33.2%) | (81.5-103.9) | (75.1-96.1) | (—9.3~—6.3%) (5993.8-7867.4) | (8914.9-11908.5) | (35%-65.1%) | (281.5-366) | (221.6-293.3)  (—27.9~—12.3%)
Femal 2464.5 30422 23.4% 90.7 80.9 —~10.8% 3724.4 4960.3 33.2% 165.5 116.1 —29.9%
emale
(2184.3-2832.7) | (2709.4-3491.4) | (18.1~29.7%) | (80.6-104.1) | (71.7-93.4) | (—12.1~—9.2%) |  (3198.2-4363.9) | (4286.8-5623.5) | (15%-53.2%) | (142.9-192.2)  (100.5-131.7) (—38.1~—20%)
996.5 625.3 —37.3% 87.9 55 —37.5% 2397.8 2035.7 —15.1% 253.8 100.8 —60.3%
Overall
Chi (872-1142.9) | (551-711.8) | (—41.7~—32%) | (77-100.6) | (47.9-63.2) | (=39.7~—35.5%) | (2033.5-2794.1) | (1675.4-2429.6) | (—32.1~6.2%) | (216.4-294.3) (83.3-119.1) | (—67.8~—50.7%)
mna
N 501.4 334.6 —33.3% 85 55.9 —34.2% 1494.7 1405.6 —6% 304.2 1424 —53.2%
Male
(438.5-574) | (293.2-380.4) | (—38.2~—27.5%) | (74.8-97.1) | (48.8-64) | (—36.6~—31.8%)  (1199.1-1821.3) | (1095.4-1755) | (—29.7~28.4%) | (246.8-366.7) | (112.1-176.8) | (—64.7~—37%)
495 290.7 —41.3% 91.1 54.6 —40.1% 903.1 630.1 —30.2% 199.2 60.3 —69.7%
Female
(431.5-565.7) | (256.3-333.7) | (—45.5~—36.4%) | (79.7-104.1) | (47-63.2) | (—42.6~—37.9%)  (732.3-1109.1) (493-782.1) (—47.6~—6%) | (162.3-244.4) | (47.3-74.9) | (=77.3~—59.1%)
466.5 650 39.4% 56.2 50.7 —9.8% 1298.5 2310.2 77.9% 201.8 176.1 ~12.8%
Overall
Indi (404.8-550.6) | (565.2-757.3) (29.7~50%) | (48.9-65.7) | (44.2-58.6) | (—12.2~—7.1%) (1048.4-1666) | (1884.4-2782.1) | (40.6~123.5%) | (166.9-254.5)  (144-211.6) | (—28.7~7.6%)
ndia
N 251.8 357.7 42% 57.1 53.3 —6.6% 863.6 1605 85.8% 256.6 240 —6.5%
Male
(217.7-2987) | (309.4-4184) | (32.8~52.1%) | (49.6-67) | (46.5-61.7) | (—9.3~—3.5%) (707.3-1083.5) | (1243.3-2003.2) | (43.2~139.5%) | (211.9-318.3) | (187.2-299) | (—26.6~19.6%)
214.7 292.3 36.2% 55.1 47.5 ~13.8% 434.9 705.2 62.2% 1413 110.7 ~21.7%
Female
(186-253.3) | (253.6-342.6) | (25.9~48.2%) | (47.9-64.5) | (41.4-55.1) | (—16.3~—11.2%) (296.1-687) (533-926.1) (4.4~133.8%) | (103.7-204.8) | (83.9-145.9) | (—44.1~8.1%)
145.4 230.1 58.2% 56.2 66.5 18.4% 491.4 1045.7 112.8% 171.1 220.6 28.9%
Overall
) (126-167.9) | (202.2-262.9) (49~68.3%) | (49.2-64.8) | (59.2-75.9) | (14.9~22.8%) (446.6-541.7) (948.4-1153.8) | (102~123.4%) | (154.6-188.9) | (201.5-242.6) = (23.5~34.2%)
The United States
N 82 1247 52.2% 65.4 74 13.2% 343.6 705.8 105.4% 256.7 309.7 20.7%
Male
(71.2-95) (109.9-142.4) | (42.6~62.6%) | (57.2-75.3) | (66.1-84.4) | (9.5~17.9%) (312.3-375.8) (636.8-780.1) (93.5~118%) | (233.1-281.8) | (281.2-340.7) |  (14.4~26.9%)
63.4 105.3 66.1% 472 59.1 25.2% 147.8 339.9 130% 137 46.1%
Female 93.8(83-105.9)
(54.9-73.2) (91.8-121) (57.3~76.2%) | (41.2-54.6) | (52.2-67.5) | (21.1~29.8%) (131.3-166) (302.6-378.2) | (117.4~144.6%) (122.3-152.3) | (39.3~54.4%)
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Country Sex ASIR ASMR ASDR
Overall -0.30 -0.82 -0.95
Global Male -0.32 -0.72 -0.81
Female -0.40 -1.07 -1.24
Overall -1.50
China Male -1.36
Female -1.66
Overall -0.40 -0.48 -0.53
India Male -0.43 -0.32 -0.36
Female -0.57 -0.96 -1.12
Overall
America Male
Female
FIGURE 1

age-standardized mortality rate; ASDR, age-standardized DALY rate.

AAPC in ASIR, ASMR, and ASDR from 1990 to 2019. AAPC, average annual percent change; ASIR, age-standardized incidence rate; ASMR,

A
2019
ASDR
255
YLL rate  ASMR*10
YLD rate*10 \/ ' ASR

ASPR/10

- Global ® China - India - United States of America

FIGURE 2

indicators of China, India, the United States, and the world in 1990.

Burden of HCV in ASRs, 2019 vs. 1990. (A) Epidemiological indicators of China, India, the United States, and the world in 2019. (B) Epidemiological

YLL rate ASMR*10

YLD rate*10 ASIR

ASPR/10

—e- Global ® China —o— India —e— United States of America

in India is generally similar to the global trend, but the trends in
men and women are significantly different. The ASIR of Indian
women showed a downward trend from 1990 to 2019, but the
ASIR of Indian men declined early, then increased rapidly, and the
growth slowed down after 2009. Both HCV infection and ASIR in
the United States increased between 1990 and 2019, with women
increasing faster than men. Notably, ASIR was similar for men and
women globally, in China, and India, whereas ASIR in US men
with HCV infection was nearly 1.5 times higher than in women
(Figures 4, 5A and Supplementary Table S6).
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3.3. Age-related difference in the disease
burden

In 2019, the global HCV-related DALYs in people under 60
years of age increased with age, with the highest proportion
in the 50-59 age group, and more than half of the 40-69 age
group. People over the age of 50 in China account for more
than 75% of all DALYs in 2019. The age composition of HCV-
related DALYs in the United States is skewed, with the 50-69
age group accounting for more than half of all DALYs. The
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FIGURE 3

Number and age-standardized rate of DALY with 95% uncertainty intervals (Uls) in different regions, 1990-2019. (A) Global; (B) China; (C) India; (D)
the United States.
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FIGURE 4

proportion of DALYs in the age group 0-29 in the United China, and India. In addition, the age composition of HCV
States is significantly lower, while the proportion of people over  infection-related DALYs in the United States showed an aging
60 years old is significantly higher than that in the world, trend over time, with the most obvious increase in the 50-69
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APC in ASIR, ASDR, and ASMR (per 100,000) due to HCV from 1990 to 2019 by sex in different regions. (A) ASIR; (B) ASDR; (C) ASMR. APC, annual
percent change; ASIR, age-standardized incidence rate; ASDR, age-standardized DALY rate.

age group. Globally, the age composition of DALYs in China and
India changed relatively little between 1990 and 2019 (Figure 6 and
Supplementary Figure S2).

In 2019, people over 70 years old accounted for more than
30% of HCV-related deaths in the world, China, and the United
States. Among them, the aging population of mortality in the
United States is more substantial with the proportion of the 50-
69 age group higher than that of the world, China, and India. The
age composition ratio of mortality in India is relatively balanced
(Supplementary Figures S3, S4).

The incidence of HCV infection among the 0-19 age group
in the world, China, and India accounted for more than half of
the total new infections in 2019. The number of cases in China
increased rapidly in 2016, mainly in the 0-19 age group. On the
contrary, the proportion of people over 40 years old in the United
States is significantly higher than that in the world, China, and India
(Figure 7 and Supplementary Figure S5).
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3.4. The burden of HCV by
socio-demographic Index (SDI)

ASDR and SDI exhibit a non-linear relationship. When SDI is
0.4-0.7, ASDR and SDI are negatively correlated, that is, ASDR
decreases with the increase in SDI value, and the disease burden
of HCV infection in this interval is higher than other intervals.
The largest decrease is found at the SDI between 0.534 and 0.631.
However, when the SDI value is less than 0.4 and greater than 0.7,
ASDR is positively correlated with SDI, that is, ASDR increases
with the increase in SDI. ASDR increases rapidly at 0.768, peaks at
0.853, and then decreases again (Figure 8A). Similar relationships
and trends are also found between ASMR and ASIR and SDI.
However, ASIR starts to increase with the increase in SDI when
SDI is 0.65, stabilizes between SDI 0.80-0.845, and shows an
upward trend again after SDI is greater than 0.85 (Figure 8B and
Supplementary Figure S6).
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3.5. Decomposition of changes in disease
burden of HCV infection

Between 1990 and 2019, global HCV-related DALY increased
by 44% with population growth and population aging each
contributing 45% of the increase, while changes in age-specific
DALYs offset 46% of the increase. The increase in HCV infection-
related DALYs in India was mainly due to population growth
(63%), much higher than that of the global, China, and the United
States, and the change in age-specific DALYs was the least offset
(—25%), resulting in an increase of 78% in DALYs from 1990
to 2019. Chinas population aging is the main factor for the
increase in DALYs, contributing as much as 95%, but because
the age-specific DALYs declines more significantly (—130%), the
final DALYs in China decreased by 15% compared with 1990. By
comparison, population growth, population aging, and age-specific
DALY changes have all worsened DALYs in the United States,
resulting in as high as 113% growth in DALY, which ranked first
among the three countries (Figure 9A). The situation was quite
similar in HCV-related death numbers (Supplementary Figure S7).

In terms of incidence, the global population increased by 45%,
offset by aging and age-specific changes of 8 and 12%, respectively.
As with DALYs, population growth was also a major factor (63%)
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in the increase in the incidence in India. However, population
growth and aging had little impact on the incidence in China, while
the decline in age-specific incidence was much greater, offsetting
the 36% increase. Finally, the number of new infections in China
decreased by 37% compared with 1990. The incidence of HCV
infection in the United States has increased significantly due to
population and age-specific incidence increases (Figure 9B).

4. Discussion

HCV infection is one of the major causes of liver cirrhosis and
liver cancer, and its disease burden still tends to increase (9, 16, 32).
Although encouraging progress has been made so far, there is still a
gap between the 2030 goals. As reported by WHO in 2021, we are
not yet on track to erase this infection even without the disturbance
of the COVID-19 pandemic (9). The burden of the disease varies
across regions and countries, and policy formulation needs to be
tailored to local conditions, but in recent years, there are few in-
depth and comprehensive studies on the disease burden of HCV
infection at the specific country level. Therefore, this study aims
to explore the changes in the disease burden of HCV infection in
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China, India, and the United States from 1990 to 2019, comparing
with the global.

According to GBD 2019, the global ASMR and ASDR decreased
(mostly in YLL rate) by over 20%, which is consistent with
the decreasing trend of ASMR in HCV-related liver cancer and
cirrhosis (16, 32). The emergence of DAAs has revolutionized the
management of HCV infection, with a cure rate as high as 90% and
well-tolerated in various populations (4, 5, 33, 34). Pan-genotypic
DAAs have high SVR rates in all six genotypes, which greatly
simplify the treatment of HCV infection and improve patient
compliance (35, 36). In addition, the price of DAAs has dropped
significantly, improving access to patients in less economically
developed regions. Data show that from 2015 to the end 0£ 2019, 9.5
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million patients with HCV received antiviral treatment, of which
8.7 million (8.5-10.04 million) were cured (9, 17). In addition,
the reduction in HCV diagnostic costs and the optimization of
diagnostic methods also provide a great convenience for large-scale
screening of HCV infection (9, 37).

China’s ASRs showed an overall downward trend, and the
decline was greater than that of India and the global, while the
ASRs of the United States showed an upward trend. According
to the study of Polaris HCV Collaborative Group, more than 1
million patients in the United States, 790,000 patients in China,
and 630,000 patients in India initiated antiviral treatment from
2015 to the end of 2019 (17). Compared with the HCV-infected
patient bases in China and India, the number of treated patients
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is insufficient. The findings were estimated from data reported by
public authorities such as drug suppliers and government reports,
so the true figures may be underestimated. Although DAAs in
China were not approved for marketing until 2017, patients had
already self-purchased generic drugs for treatment before then. In
2020, the price of DAAs in the Chinese market was further reduced,
and they were included in the national social medical insurance,
thus allowing more patients with HCV to receive treatment.
Advances in medical care and strict screening system for blood
products may be the main reason for the sharp decline of HCV
infection in early periods in China (38, 39). It is worth noting
that the prevalence of HCV in Chinese women is higher than
that in India and the United States, which partially explains the
lower disease burden in China because male patients infected with
HCV have a higher risk of liver cirrhosis and HCC (20, 33, 40).
Meanwhile, according to the deconstructive analysis, population
growth and population aging were the main reasons for the increase
in HCV-related deaths and DALYs while the decrease was mainly
attributed to changes in age-specific deaths and DALYs.

On the contrary, the United States had the highest ASMR and
ASDR of the three countries, with greater growth in women than
men. Patients with HCV infection in the United States are mainly
men, concentrated in middle-aged and elderly people according to
our age structure analysis, probably because of the baby boomers.
This may explain their higher ASMR and ASDR as male and older
age both affect the prognosis of liver cirrhosis and liver cancer
(16, 32, 41). In addition, decomposition analysis also found that
the increase in DALYs and deaths related to HCV infection in
the United States was mainly due to the increase in age-specific
DALYs and deaths, which was almost equal to the sum of the
contributions of population growth and aging. This may be due
to suboptimal treatment rates for HCV infection in the United
States. Studies have found that younger patients (18-29 years) have
lower treatment rates than older patients (50-59 years) and that
patients with commercial insurance have higher rates of treatment
than those on Medicaid (42-44). In addition, patients with a
history of drug use, patients infected with HIV, and patients with
decompensated cirrhosis are also less likely to receive treatment
(43, 45). Of note, intravenous drug use is the main factor of
HCV infection in the United States with genotype 3 dominated
(45), and genotype 3, especially genotype 3b patients with liver
cirrhosis, has a significantly lower success rate of DAAs treatment
than other genotypes (46, 47). Studies have also shown that IDUs
in the United States are generally older, and the proportion of
women is higher than that of other low-income countries (48),
which may explain the rapid increase in the burden of HCV
infection among U.S. women. Furthermore, some patients are still
at risk of developing HCC even after HCV was cured (49, 50).
Younosssi et al. (22) found that cirrhosis and liver cancer in the
United States are still on the rise, of which HCV infection is
the main cause, and the disease burden caused by alcoholic liver
disease (ALD) and non-alcoholic fatty liver diseases (NAFLD) is
also increasing. Patients with HCV in the United States may be
older and have a long history of infection, and most have advanced
fibrosis or cirrhosis. They may also have ALD or NAFLD at the
same time, which aggravates the progression of liver diseases.
The COVID-19 epidemic has further hindered the management
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of HCV infection, so the data after 2020 may be even more
unsatisfactory (51).

The ASMR and ASDR of Indian male patients showed a trend
of increasing first, declining rapidly, and then increasing, while
the ASMR and ASDR of Indian female patients had a downward
trend in the past 20 years. The age composition of patients infected
with HCV in India is younger than that in China and the United
States. This is consistent with a previous study in which HCV
infection in India was concentrated among middle-aged men (41—
60 years) in rural areas. The main three risk factors for HCV
infection in India are dental treatment, injection treatment with
non-disposable needles and syringes, and body piercing (52).
Another study also found that injection treatment and blood
transfusion are the main risk factors for the transmission of HCV
infection in India, and patients were mainly genotype 3 which
was associated with worse prognosis (52-54). Therefore, improving
medical conditions is an important measure that India should take,
especially the replacement of reused needles and syringes with
disposable needles and syringes. Drug users are less common in
India than in developed countries such as the United States, which
explained the middle-age-dominated age structure in India (52, 53).

A systematic review reported nearly half of new HCV infections
worldwide occurred in IDUs (48), and intravenous drug use was an
important risk factor for new and repeated infection. Since 2015,
ASIR of HCV infection has increased more rapidly in women than
in men globally, which is consistent with previous studies (15).
Compared with China and India, the United States had the highest
ASIR in 2019, and the ASIR of male patients in the United States
was significantly higher than that of women, which may be because
the main risk factor for HCV infection in the United States is
intravenous drug use, and drug users are mainly men (45, 48). ASIR
among Indian women has gradually declined since 1990 probably
because 99% of HCV infections of IDUs were young men (55).

It should be noted that the increase in the number of cases
may be also due to the improvement of diagnostic technology and
the expansion of screening, leading to the discovery of originally
infected persons, or the improvement of the infectious disease
reporting system that promotes the reporting of more cases (40).
Moreover, an increase in drug use and sexual transmission may be
also responsible for the increase in cases according to our previous
study (39).

The highest and lowest ASDR and ASMR in HCV disease
burden occurred at SDI values of 0.433 and 0.686, respectively.
They were negatively correlated at SDI values of 0.4-0.7 and
positively correlated at values less than 0.4 and greater than 0.7.
ASDR and SDI in acute HCV infection and HCC also had a
similar U-shaped relationship (15, 16). This contradictory situation
was probably because the United States had many IDUs while
unsafe medical treatment remained a major problem in India,
that is, the disease burden will increase in both high and low-
economic development countries, although the high-risk groups
and transmission routes may be different.

The strengths of this study are as follows. First, this study
applied the results of GBD data, which are currently the only
comprehensive estimate of the etiology-specific disease burden of
359 diseases and injuries in 204 countries and regions around the
world, covering the period from 1990 to 2019, which can better
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fully explore the disease burden from all levels (24). Second, we
applied joinpoint analysis to model the temporal trends and turning
points, which can clarify the temporal trends from a statistical
point of view. Finally, this study made an in-depth comparison
of the disease burden among countries with different economic
development levels, in terms of gender, age, and time-varying
trends, and further analyzed the contribution of population growth,
population aging, and age-specific changes to the change in cases.

However, our analysis has limitations, too. First, the GBD data
are estimates, and the accuracy of the estimates relied highly on the
quality of the data. The data quality of the three countries involved
in this study and the whole world was relatively high during the
study period, and the GBD was estimated by a very reliable model
(22) (Supplementary Table S5). Second, the disease burden of HCV
infection may still be underestimated, because HCV infection is
mostly asymptomatic, and the awareness rate of the disease is
extremely low (9). Finally, the data lack information on risk factors,
so further research on the risk factors is needed in future.

5. Conclusion

In summary, although gratifying progress has been made in the
management of HCV, it remains a worldwide challenge faced by
both developed countries and developing countries (9). Together
with the interruption of the COVID-19 pandemic, accelerated
collective efforts are required to approach the 2030 goal. Our
study provides information for policymakers to implement tailored
strategies. China should expand the number of people diagnosed
and treated, especially in economically underdeveloped areas
while the United States should focus on key populations and
try to improve patient outcomes. India, however, should provide
disposable needles, safe blood, and dental treatment, especially in
rural regions.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories and
accession number(s) can be found below: https://ghdx healthdata.
org/gbd-results-tool.

Author contributions

JY, H-XL, and H-YR: study design and oversight of study.
JY and H-XL: data collection, data analysis, and interpretation.

References

1. World Health Organization. Global Hepatitis Report 2017 (2017). Available online
at: https://www.who.int/hepatitis/publications/global- hepatitis- report2017/en/.pdf

2. WHO. Hepatitis C (2021) Available
www.who.int/news-room/fact-sheets/detail/hepatitis-c

May 7, 2022).

online at: https://

(accessed

Frontiersin Public Health

10.3389/fpubh.2023.1041201

JY: drafting of the manuscript. H-XL and J-LQ: provide
methodological guidance. X-XW, X-HL, R], and B-YL: participate
in interpretation of results. All authors review and approval of final
manuscript.

Funding

This study was supported by the Beijing Municipal Health
Commission for Capital’s Funds for Health Improvement and
Research, Grant Number: 2020-4-4087. Nobody in the organization
influenced the study design, analysis, and interpretation of data, the
writing of the report, or the decision to submit the manuscript for
publication.

Acknowledgments

We appreciate the 2019 GBD collaborators for their work.
We would also like to thank Zu-Yin Li for his warm and patient
help with graph drawing and revising. Thanks to Xiao Ming
(Xiaoming room@hotmail.com) for his work in the GBD database.
His excellent sharing of GBD database analysis procedure and other
public database makes it easier for us to explore the GBD database.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.
1041201/full#supplementary-material

3. Page K, Melia MT, Veenhuis RT, Winter M, Rousseau KE, Massaccesi G, et al.
Randomized trial of a vaccine regimen to prevent chronic HCV infection. N Engl |
Med. (2021) 384:541-9. doi: 10.1056/NEJMo0a2023345

4. Hutchinson §J, Valerio H, McDonald SA, Yeung A, Pollock K, Smith S, et al.
Population impact of direct-acting antiviral treatment on new presentations of

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1041201
https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool
mailto:Xiaoming_room@hotmail.com
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1041201/full#supplementary-material
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/.pdf
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://doi.org/10.1056/NEJMoa2023345
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Yang et al.

hepatitis C-related decompensated cirrhosis: a national record-linkage study. Gut.
(2020) 69:2223-31. doi: 10.1136/gutjnl-2019-320007

5. Alavi M, Law MG, Valerio H, Grebely J, Amin ], Hajarizadeh B, et al.
Declining hepatitis C virus-related liver disease burden in the direct-acting
antiviral therapy era in New South Wales, Australia. J Hepatol. (2019) 71:281-8.
doi: 10.1016/j.jhep.2019.04.014

6. Wei L, Wang G, Alami NN, Xie W, Heo J, Xie Q, et al. Glecaprevir-
pibrentasvir to treat chronic hepatitis C virus infection in Asia: two multicentre,
phase 3 studies—a randomised, double-blind study (VOYAGE-1) and an open-
label, single-arm study (VOYAGE-2). Lancet Gastroenterol Hepatol. (2020) 5:839-49.
doi: 10.1016/S2468-1253(20)30086-8

7. Bailey JR, Barnes E, Cox AL. Approaches, progress, and challenges
to hepatitis C vaccine development. Gastroenterology. (2019) 156:418-30.
doi: 10.1053/j.gastro.2018.08.060

8. WHO. Global Health Sector Strategy on Viral Hepatitis 2016-2021. Towards Ending
Viral Hepatitis. WHO (2016).

9. WHO. Global Progress Report on HIV, Viral Hepatitis and Sexually Transmitted
Infections, 2021: Accountability for the Global Health Sector Strategies 2016-2021:
Actions for Impact: Web Annex 2: Data Methods (2021).

10. WHO. Interim Guidance for Country Validation of Viral Hepatitis Elimination
(2021).

11. Lanini S, Easterbrook PJ, Zumla A, Ippolito G. Hepatitis C: global
epidemiology and strategies for control. Clin Microbiol Infect. (2016) 22:833-8.
doi: 10.1016/j.cmi.2016.07.035

12. Easterbrook P, Luhmann N, Newman M, Walsh N, Lesi O, Doherty M.
New WHO guidance for country validation of viral hepatitis B and C elimination.
Lancet Gastroenterol Hepatol. (2021) 6:778-80. doi: 10.1016/S2468-1253(21)00
267-3

13. Ward JW, Hinman AR. What is needed to eliminate hepatitis B virus and
hepatitis Cavirus as global health threats. Gastroenterology. (2019) 156:297-310.
doi: 10.1053/j.gastro.2018.10.048

14. Paik JM, Kabbara K, Eberly KE, Younossi Y, Henry L, Younossi ZM. Global
burden of NAFLD and chronic liver disease among adolescents and young adults.
Hepatology. (2022) 75:1204-17. doi: 10.1002/hep.32228

15. Zeng DY, Li JM, Lin S, Dong X, You J, Xing QQ, et al. Global burden of acute
viral hepatitis and its association with socioeconomic development status, 1990-2019.
J Hepatol. (2021) 75:547-56. do: 10.1016/j.jhep.2021.04.035

16. Yang J, Pan G, Guan L, Liu Z, Wu Y, Liu Z, et al. The burden of primary liver
cancer caused by specific etiologies from 1990 to 2019 at the global, regional, and
national levels. Cancer Med. (2022) 11:1357-70. doi: 10.1002/cam4.4530

17. Blach S, Terrault NA, Tacke F Gamkrelidze I, Craxi A, Tanaka J, et al.
Global change in hepatitis C virus prevalence and cascade of care between 2015
and 2020: a modelling study. Lancet Gastroenterol Hepatol. (2022) 7:396-415.
doi: 10.1016/52468-1253(21)00472-6

18. Cooke GS, Andrieux-Meyer I, Applegate TL, Atun R, Burry JR, Cheinquer H,
et al. Accelerating the elimination of viral hepatitis: a Lancet Gastroenterology
& Hepatology Commission. Lancet Gastroenterol Hepatol. (2019) 4:135-84.
doi: 10.1016/52468-1253(19)30099-8

19. United Nations Department of Economic and Social Affairs, Population
Division. World Population Prospects 2022: Summary of Results (2022). Available
online at: https://www.un.org/development/desa/pd/fr/content/World- Population-
Prospects-2022

20. LiuZ, Mao X, Jiang Y, Cai N, Jin L, Zhang T, et al. Changing trends in the disease
burden of primary liver cancer caused by specific etiologies in China. Cancer Med.
(2019) 8:5787-99. doi: 10.1002/cam4.2477

21. Su X, Zheng L, Zhang H, Shen T, Liu Y, Hu X. Secular trends of acute
viral hepatitis incidence and mortality in China, 1990 to 2019 and its prediction
to 2030: the Global Burden of Disease Study 2019. Front Med. (2022) 9:842088.
doi: 10.3389/fmed.2022.842088

22. Paik JM, Golabi P, Younossi Y, Saleh N, Nhyira A, Younossi ZM. The growing
burden of disability related to chronic liver disease in the United States: data from
the Global Burden of Disease Study 2007-2017. Hepatol Commun. (2021) 5:749-59.
doi: 10.1002/hep4.1673

23. Liu Z, Jiang Y, Yuan H, Fang Q, Cai N, Suo C, et al. The trends in incidence
of primary liver cancer caused by specific etiologies: results from the Global Burden
of Disease Study 2016 and implications for liver cancer prevention. ] Hepatol. (2019)
70:674-83. doi: 10.1016/j.jhep.2018.12.001

24. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global
burden of 369 diseases and injuries in 204 countries and territories, 1990-2019:
a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020)
396:1204-22. doi: 10.1016/S0140-6736(20)30925-9

25. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global,
regional, and national incidence, prevalence, and years lived with disability for
354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet. (2018) 392:1789-858.
doi: 10.1016/S0140-6736(18)32279-7

Frontiersin Public Health

10.3389/fpubh.2023.1041201

26. Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global,
regional, and national age-sex-specific mortality for 282 causes of death in 195
countries and territories, 1980-2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. (2018) 392:1736-88. doi: 10.1016/50140-6736(18)32203-7

27. Wang H, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-Allah
E et al. Global, regional, and national under-5 mortality, adult mortality,
age-specific mortality, and life expectancy, 1970-2016: a systematic analysis
for the Global Burden of Disease Study 2016. Lancet. (2017) 390:1084-150.
doi: 10.1016/50140-6736(17)31833-0

28. Paik JM, Henry L, De Avila L, Younossi E, Racila A, Younossi ZM. Mortality
related to nonalcoholic fatty liver disease is increasing in the United States. Hepatol
Commun. (2019) 3:1459-71. doi: 10.1002/hep4.1419

29. Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, et al. Global,
regional, and national life expectancy, all-cause mortality, and cause-specific mortality
for 249 causes of death, 1980-2015: a systematic analysis for the Global Burden of
Disease Study 2015. Lancet. (2016) 388:1459-544. doi: 10.1016/S0140-6736(16)31012-1

30. Xu T, Wang B, Liu H, Wang H, Yin P, Dong W, et al. Prevalence
and causes of vision loss in China from 1990 to 2019: findings from the
Global Burden of Disease Study 2019. Lancet Public Health. (2020) 5:e682-91.
doi: 10.1016/S2468-2667(20)30254-1

31. Gupta PD. Standardization and Decomposition of Rates: A User’S Manual. US
Department of Commerce, Economics and Statistics Administration, Bureau (1993).

32. Veracruz N, Gish RG, Cheung R, Chitnis AS, Wong RJ. Global incidence
and mortality of hepatitis B and hepatitis C acute infections, cirrhosis and
hepatocellular carcinoma from 2010 to 2019. J Viral Hepatitis. (2022) 29:352-65.
doi: 10.1111/jvh.13663

33. Kanwal E Khaderi S, Singal AG, Marrero JA, Loo N, Asrani SK, et al. Risk
factors for HCC in contemporary cohorts of patients with cirrhosis. Hepatology. (2022).
doi: 10.1002/hep.32434

34, Kuromatsu R, Ide T, Okamura S, Noda Y, Kamachi N, Nakano M, et al.
Hepatitis C virus elimination using direct acting antivirals after the radical cure of
hepatocellular carcinoma suppresses the recurrence of the cancer. Cancers. (2022)
14:2295. doi: 10.3390/cancers14092295

35. Pawlotsky JM, Negro F, Aghemo A, Berenguer M, Dalgard O, Dusheiko G,
et al. EASL recommendations on treatment of hepatitis C: final update of the series.
J Hepatol. (2020) 73:1170-218. doi: 10.1016/j.jhep.2020.08.018

36. Ghany MG, Morgan TR, hepatitis C guidance panel Al Hepatitis C guidance
2019 update: American Association for the Study of Liver Diseases—Infectious Diseases
Society of America recommendations for testing, managing, and treating hepatitis C
virus infection. Hepatology. (2020) 71:686-721. doi: 10.1002/hep.31060

37. Strebe ], Rich NE, Wang L, Singal AG, McBryde J, Silva M, et al. Patient
navigation increases linkage to care and receipt of direct-acting antiviral
therapy in patients with hepatitis C. Clin Gastroenterol Hepatol. (2022).
doi: 10.1016/j.cgh.2022.04.031

38. Rao H, Wei L, Lopez-Talavera JC, Shang J, Chen H, Li J, et al. Distribution and
clinical correlates of viral and host genotypes in C hinese patients with chronic hepatitis
C virus infection. J Gastroenterol Hepatol. (2014) 29:545-53. doi: 10.1111/jgh.12398

39. Yang J, Liu HX, Su YY, Liang ZS, Rao HY. Distribution and changes in hepatitis
C virus genotype in China from 2010 to 2020. World J Clin Cases. (2022) 10:4480.
doi: 10.12998/wjcc.v10.i14.4480

40. Wong M, Huang JL, George J, Huang ], Leung C, Eslam M, et al. The changing
epidemiology of liver diseases in the Asia-Pacific region. Nat Rev Gastroenterol
Hepatol. (2019) 16:57-73. doi: 10.1038/s41575-018-0055-0

41. Innes H, McDonald SA, Hamill V, Yeung A, Dillon JE Hayes PC, et al.
Declining incidence of hepatitis C related hepatocellular carcinoma in the era of
interferon-free therapies: a population-based cohort study. Liver Int. (2022) 42:561-74.
doi: 10.1111/1iv.15143

42. Teshale EH, Roberts H, Gupta N, Jiles R. Characteristics of persons treated for
hepatitis C using national pharmacy claims data, United States, 2014-2020. Clin Infect
Dis. (2022) 75:1078-80. doi: 10.1093/cid/ciac139

43. Harris AM, Khan MA, Osinubi A, Nelson NP, Thompson WW. Hepatitis C
treatment among commercially or medicaid-insured individuals, 2014-2018. Am ] Prev
Med. (2021) 61:716-23. doi: 10.1016/j.amepre.2021.05.017

44. Kim D, Cholankeril G, Dennis BB, Alshuwaykh O, Kumari R, Wong R]J, et al.
Trends in the prevalence of hepatitis C virus infection based on the insurance status
in the United States from 2013 to 2018. Liver Int. (2022) 42:340-9. doi: 10.1111/liv.
15113

45. Ozga]E, Syvertsen JL, Pollini RA. Hepatitis C antibody prevalence, correlates and
barriers to care among people who inject drugs in Central California. J Viral Hepatitis.
(2022) 29:518-28. doi: 10.1111/jvh.13677

46. Keikha M, Eslami M, Yousefi B, Ali-Hassanzadeh M, Kamali A, Yousefi M, et al.
HCV genotypes and their determinative role in hepatitis C treatment. Virusdisease.
(2020) 31:235-240. doi: 10.1007/s13337-020-00592-0

47. Wu N, Rao HY, Yang WB, Gao ZL, Yang RE, Fei R, et al. Impact of hepatitis C
virus genotype 3 on liver disease progression in a Chinese National Cohort. Chin Med
J. (2020) 133:253-61. doi: 10.1097/CM9.0000000000000629

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1041201
https://doi.org/10.1136/gutjnl-2019-320007
https://doi.org/10.1016/j.jhep.2019.04.014
https://doi.org/10.1016/S2468-1253(20)30086-8
https://doi.org/10.1053/j.gastro.2018.08.060
https://doi.org/10.1016/j.cmi.2016.07.035
https://doi.org/10.1016/S2468-1253(21)00267-3
https://doi.org/10.1053/j.gastro.2018.10.048
https://doi.org/10.1002/hep.32228
https://doi.org/10.1016/j.jhep.2021.04.035
https://doi.org/10.1002/cam4.4530
https://doi.org/10.1016/S2468-1253(21)00472-6
https://doi.org/10.1016/S2468-1253(19)30099-8
https://www.un.org/development/desa/pd/fr/content/World-Population-Prospects-2022
https://www.un.org/development/desa/pd/fr/content/World-Population-Prospects-2022
https://doi.org/10.1002/cam4.2477
https://doi.org/10.3389/fmed.2022.842088
https://doi.org/10.1002/hep4.1673
https://doi.org/10.1016/j.jhep.2018.12.001
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1016/S0140-6736(17)31833-0
https://doi.org/10.1002/hep4.1419
https://doi.org/10.1016/S0140-6736(16)31012-1
https://doi.org/10.1016/S2468-2667(20)30254-1
https://doi.org/10.1111/jvh.13663
https://doi.org/10.1002/hep.32434
https://doi.org/10.3390/cancers14092295
https://doi.org/10.1016/j.jhep.2020.08.018
https://doi.org/10.1002/hep.31060
https://doi.org/10.1016/j.cgh.2022.04.031
https://doi.org/10.1111/jgh.12398
https://doi.org/10.12998/wjcc.v10.i14.4480
https://doi.org/10.1038/s41575-018-0055-0
https://doi.org/10.1111/liv.15143
https://doi.org/10.1093/cid/ciac139
https://doi.org/10.1016/j.amepre.2021.05.017
https://doi.org/10.1111/liv.15113
https://doi.org/10.1111/jvh.13677
https://doi.org/10.1007/s13337-020-00592-0
https://doi.org/10.1097/CM9.0000000000000629
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Yang et al.

48. Degenhardt L, Peacock A, Colledge S, Leung J, Grebely J, Vickerman
P, et al. Global prevalence of injecting drug use and sociodemographic
characteristics and prevalence of HIV, HBV, and HCV in people who inject
drugs: a multistage systematic review. Lancet Global Health. (2017) 5:¢1192-207.
doi: 10.1016/52214-109X(17)30375-3

49. Hamdane N, Jithling E Crouchet E, El Saghire H, Thumann C, Oudot
MA, et al. HCV-induced epigenetic changes associated with liver cancer risk
persist after sustained virologic response. Gastroenterology. (2019) 156:2313-29.
doi: 10.1053/j.gastro.2019.02.038

50. Sanduzzi-Zamparelli M, Marifio Z, Lens S, Sapena V, Iserte G, Pla A, et al.
Liver cancer risk after HCV cure in patients with advanced liver disease without non-
characterized nodules. ] Hepatol. (2022) 76:874-82. doi: 10.1016/j.jhep.2021.11.023

51. Hoenigl M, Abramovitz D, RE FO, Martin NK, Reau N. Sustained impact of the
COVID-2019 pandemic on HCV treatment initiations in the United States. Clin Infect
Dis. (2022) ciac175. doi: 10.1093/cid/ciacl175

Frontiersin Public Health

14

10.3389/fpubh.2023.1041201

52. Mahajan R, Midha V, Goyal O, Mehta V, Narang V, Kaur K, et al. Clinical profile
of hepatitis C virus infection in a developing country: India. J Gastroenterol Hepatol.
(2018) 33:926-33. doi: 10.1111/jgh.13995

53. Puri P, Anand AC, Saraswat VA, Acharya SK, Dhiman RK, Aggarwal R, et al.
Consensus statement of HCV task force of the Indian National Association for Study
of the Liver (INASL). Part I: status report of HCV infection in India. J Clin Exp Hepatol.
(2014) 4:106-16. doi: 10.1016/j.jceh.2014.05.006

54. Bochud PY, Cai T, Overbeck K, Bochud M, Dufour JF, Miillhaupt B, et al.
Genotype 3 is associated with accelerated fibrosis progression in chronic hepatitis C.
J Hepatol. (2009) 51:655-66. doi: 10.1016/j.jhep.2009.05.016

55. Clipman SJ, Mehta SH, Srikrishnan AK, Zook K], Duggal P, Mohapatra S,
et al. Role of direct and indirect social and spatial ties in the diffusion of HIV
and HCV among people who inject drugs: a cross-sectional community-based
network analysis in New Delhi, India. eLife. (2021) 10:e69174. doi: 10.7554/eLife.
69174

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1041201
https://doi.org/10.1016/S2214-109X(17)30375-3
https://doi.org/10.1053/j.gastro.2019.02.038
https://doi.org/10.1016/j.jhep.2021.11.023
https://doi.org/10.1093/cid/ciac175
https://doi.org/10.1111/jgh.13995
https://doi.org/10.1016/j.jceh.2014.05.006
https://doi.org/10.1016/j.jhep.2009.05.016
https://doi.org/10.7554/eLife.69174
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	The burden of hepatitis C virus in the world, China, India, and the United States from 1990 to 2019
	1. Introduction
	2. Materials and methods
	2.1. Overview
	2.2. Data resources
	2.3. Socio-demographic Index
	2.4. Data analysis
	2.4.1. Temporal trends in ASRs
	2.4.2. Decomposition of changes


	3. Results
	3.1. Burden of HCV infection in China, India, the United States, and the world, 2019
	3.2. Changes in the disease burden of HCV infection from 1990 to 2019
	3.3. Age-related difference in the disease burden
	3.4. The burden of HCV by socio-demographic Index (SDI)
	3.5. Decomposition of changes in disease burden of HCV infection

	4. Discussion
	5. Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


